The nervous and vascular systems contain many common organizational features and develop similarly in terms of anatomical patterning. These similarities in patterning and proximity may reflect coordinated development based on responsiveness to similar growth factors and their receptors, including VEGF/VEGFR2, netrins/Unc5, Ephs/ephrins, and semaphorins/ neuropilin (Jones and Li, 2007; Zacchigna et al., 2008) . Angiopoietins represent another family of growth factors that may mediate effects in both vascular and nervous systems (Ward and LaManna, 2004) .
Ang1 is a growth factor that binds to its endothelial cell specific receptor Tie2, recruiting pericytes to developing vessels and stabilizing the vasculature (Eklund and Olsen, 2006; Morisada et al., 2006) . Ex vivo work done by others (Kosacka et al., 2005 (Kosacka et al., , 2006 has suggested that Ang1 can elicit neurite outgrowth of explanted dorsal root ganglion (DRG) cells in a Tie2-dependent manner. Moreover, previous work done by our lab suggests that Ang1 overexpression in the mouse nervous system leads to increase in vascularization and altered neuronal dendrite patterning (Ward et al., 2004) . The mechanisms underlying the dendritic effects remain unknown as we failed to find Tie2 expression on neurons in these studies. Based on the work by others indicating that Ang1 could bind to b1-integrin (Carlson et al., 2001) , we hypothesized that Ang1 binding to neuronal b1-integrin could induce neurite outgrowth. We used PC12 cells, a well established experimental model of sympathetic neurons (Greene and Tischler, 1976) , and determined that Ang1 could promote cell survival and neurite outgrowth in a Tie2-independent, b1-integrin-dependent manner, using signaling mechanisms separate and distinct from those used by nerve growth factor (NGF). Our findings suggest that Ang1 can directly bind to PC12 cells and elicit neurite outgrowth and confirms previous observations suggesting that angiopoietins can mediate effects in both nervous and vascular systems (Acker et al., 2001; Ward et al., 2004; Kosacka et al., 2005; Bai et al., 2009 ).
Materials and methods
Cell culture, differentiation and stimulation: PC12 cells were purchased from American Type Tissue Culture (CRL-1721; ATCC, VA, USA) and were cultured in F-12K medium with 15% horse serum and 2.5% fetal bovine serum supplemented with penicillin and streptomycin and grown at 37 8C with 5% carbon dioxide. 40,000 cells/ml were plated on collagen, allowed to attach overnight and then pretreated with NGF (50 ng/ml; R&D) for 2 days. To determine whether Ang1 could induce differentiation, undifferentiated cells were also stimulated using recombinant and the presence of b1-integrin. Downstream of b1-integrin, Ang1 stimulation led to a $2.6 fold increase in focal adhesion kinase (FAK) phosphorylation and no change in the activation of mitogen-activated protein kinase (MAPK) nor c-Jun N-terminal kinase (JNK). Conversely, NGF stimulation had no effect on FAK phosphorylation but led to a $3.1 and $2 fold increase in phosphorylation of MAPK and JNK. Ang1, but not NGF-mediated outgrowth was attenuated following functional inhibition of b1-integrin and FAK, and Wortmannin inhibited neurite outgrowth mediated by both. Our results suggest that Ang1 induces neurite outgrowth in PC12 cells in a Tie2-independent, b1-integrin-FAK-PI3K-Akt-dependent manner and that NGF and Ang1 mediate neurite outgrowth via two independent signaling mechanisms.
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